Introduction
============

Traumatic injuries to the teeth may result in pulpal and periapical disease. Most dental traumas occur in the 7 - 10 year-old age group with incomplete apical root development.[@B1],[@B2] Complicated crown fractures which involve the enamel, dentin and pulp occur in 0.9 - 13% of all dental injuries.[@B3],[@B4] Vital pulp therapy (VPT) is the treatment of choice for traumatized immature teeth with pulp exposure.[@B5],[@B6] VPT allows continuation of root development, which leads to apical closure and strengthening of the root structure.[@B7] If the pulp vitality of a traumatized immature tooth is lost, the treatment will be a challenge in endodontics. It is difficult to obtain an appropriate apical seal in these teeth by using the conventional obturation methods. Furthermore, thin root canal walls make the teeth susceptible to future fractures.[@B8] Several different clinical methods have been used to treat these teeth, such as long-term calcium hydroxide apexification and one-visit apexification (use of a material to create an artificial barrier). Recently, regenerative endodontic procedures have drawn much attention. The advantage of this treatment modality over apexification is that it allows root maturation to continue by generating vital tissue.[@B9]

This case report presented regenerative therapy of a traumatized immature maxillary central incisor with apical abscess. The outcome of root development in this tooth was compared with contralateral tooth that treated using vital pulp therapy.

Case report
===========

A 9-year-old boy was referred to the Department of Endodontics with pain on chewing and localized swelling on the anterior region of maxilla and a history of prior impact trauma three months previously. His medical history was non-contributory. Clinical examination showed complicated crown fracture on both maxillary central incisors. A large pulpal exposure, sensitivity to palpation and percussion and also localized swelling on the buccal mucosa of the right central incisor was observed. Cold thermal test elicited no response in this tooth. Left central incisor with a pinpoint pulpal exposure had no sensitivity in periapical tests and showed lingering painful response to cold test. Radiographic examination revealed that the fractured teeth had immature apices, and a radiolucent periapical lesion was observed adjacent to the right central incisor ([Figure 1a](#F1){ref-type="fig"}). Based on clinical and radiographic examinations, the definitive diagnosis was irreversible pulpitis in the left central incisor and pulpal necrosis with symptomatic apical abscess in the right central incisor. Considering the immaturity of the teeth, the first treatment option was vital pulp therapy for the left central incisor and revascularization of the right one.

Under local anesthesia with 2% Lidocaine and 1 : 800,000 epinephrine (Xylocaine 2%, Dentsply, Addlestone, UK) and rubber dam isolation, an access cavity was prepared for the left central incisor. Coronal pulp tissues were removed by using a high-speed sterile long shank round diamond bur under copious water spray. The area was rinsed with normal saline solution and hemostasis was achieved by a cotton pellet moistened with 5% sodium hypochlorite (NaOCl). White Mineral Trioxide Aggregates (ProRoot MTA, Dentsply, Tulsa, OK, USA) powder was mixed with distilled water according to manufacturer\'s instructions and placed without pressure over the exposed clot-free pulpal wound ([Figure 1b](#F1){ref-type="fig"}). The material was gently patted down with a moist cotton pellet. Then a moistened cotton pellet was placed over MTA and the tooth was temporarily filled with Cavit (Asia Chemi Teb Co., Tehran, Iran). One day later, the teeth were restored permanently with composite resin (Filtek Z350, 3M ESPE, St. Paul, MN, USA).

An access cavity was prepared for the right central incisor using the same procedure. On entering the pulp chamber, purulent drainage was observed. Length was estimated radiographically using a size \#15 K-file (K-file, Mani Corp., Tokyo, Japan). The canal was passively irrigated with 20 mL of 5.25% NaOCl and gently dried with paper points. A creamy mixture of equal proportions of ciprofloxacin, metronidazole and minocycline, as described by Hoshino et al., was placed in the root canal with a \#25 K-file up to 3 mm short of the radiographic apex.[@B10] The access cavity was sealed temporarily with Cavit. After 3 weeks the patient was asymptomatic and the localized swelling had resolved. The tooth was anesthetized with a local injection of 3% plain Mepivacaine (Septodont, Cedex, France) without vasoconstrictor. After rubber dam isolation and removal of Cavit dressing, the antibiotic dressing material was removed by irrigation with 10 mL of 5.25% NaOCl and saline. The canal was then dried with paper points. A \#40 K-file was used to irritate the apical tissues to create some bleeding into the root canal. The bleeding was allowed to reach the middle part of the canal. Ten minutes later, after the formation of a blood clot, white MTA was mixed and placed over the clot carefully ([Figure 1b](#F1){ref-type="fig"}). A moistened cotton pellet was placed over MTA and the tooth was restored temporarily with Cavit. One day later the patient was referred for permanent restoration of this tooth.

The patient was recalled 6, 12 and 18 months after the treatment. In clinical examination, the teeth were asymptomatic. In radiographic examinations, both teeth showed increased root lengths and apical closure. Root wall thickness had also increased, but the left central incisor showed greater improvements. The radiolucent lesion adjacent to the right central incisor had healed ([Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}).

Discussion
==========

An essential requirement for successful vital pulp therapy is a healthy pulp.[@B11],[@B12] As time between exposure and treatment increases, pulp removal must be extended apically to ensure that inflamed pulp tissue has been removed.[@B13] In the present case, considering the long period between the time of injury and therapy, cervical pulpotomy was carried out for the left central incisor. A proper pulp dressing is important for VPT. Several studies have shown favorable outcomes for MTA pulpotomies in human teeth.[@B14],[@B15] The left central incisor in this report also showed successful outcome without any need for further endodontic intervention.

A complicated crown fracture will always result in pulp necrosis if left untreated.[@B16] Too large pulpal exposure in the right central incisor increased the chances of bacterial contamination of the pulp and led to pulpal necrosis. The common method traditionally used for the treatment of necrotic open apex teeth has been apexification. However, apexification with calcium hydroxide has several disadvantages, including a lengthy treatment period, susceptibility to fracture and coronal microleakage during treatment period.[@B13],[@B17],[@B18] Furthermore, traditional and one-visit apexification does not promote continued development of the root, leading to the risk of fracture of a short and weakened root.[@B19] Revascularization has been considered an alternative treatment modality. If the root canal of a necrotic infected tooth is effectively disinfected, regeneration should occur in the presence of a suitable scaffold.[@B20] The blood clot in the apical part of the canal can act as a scaffold and might also contain growth and differentiation factors which might be crucial for successful proliferation and differentiation of stem cells.[@B21],[@B22] In order to obtain appropriate bleeding Petrino et al. suggested using non-epinephrine local anesthetics, as carried out in this case.[@B23]

Studies have shown that local application of a mixture of ciprofloxacin, metronidazole, and minocycline is effective against endodontic pathogens.[@B10],[@B24] In the present case, the root canal was irrigated with 5.25% NaOCl and filled with the triple antibiotic dressing. After 3 weeks, the teeth were asymptomatic. It seems that this antibacterial protocol can disinfect the root canal effectively. The importance of a bacterial-tight seal for successful VPT and also revascularization has been well documented.[@B11],[@B25] In the case of apexogenesis, one day after the pulpotomy procedure, the tooth was restored by using dentin-bonding composite resin. In the revascularization case, a double seal over the blood clot, MTA and a resin-bonding restoration, recommended in several studies, was used.[@B23],[@B25],[@B26]

In this case report, it was possible to compare the outcomes of regeneration therapy and VPT in two contralateral teeth. Both teeth showed approximately similar increased root lengths, root wall thickness, and apical closure. However, it should be pointed out that the continued root development after apexogenesis is a normal physiological process because the radicular pulp tissue is vital. But the tissues inside the canal space of immature teeth with apical periodontitis after revascularization process have been described as periodontal ligament-like connective tissue and the gained root length and thickening are the result of newly formed cementum or cementum-like tissues.[@B9],[@B21],[@B27],[@B28]

Conclusions
===========

In conclusion, the authors believe that revascularization therapy is an appropriate treatment for necrotic immature teeth with apical periodontitis. However, the case reports on endodontic regeneration have used varying treatment methods and no study has analyzed the overall results, so further clinical trials are required to prepare a uniform treatment strategy.
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![Preoperative (a) and immediately postoperative (b) radiographs of maxillary central incisors. Incomplete apex formation of teeth and periapical radiolucency in right central incisor was revealed.](rde-38-178-g001){#F1}

![12-month follow-up radiography.](rde-38-178-g002){#F2}

![At 18-month postoperative radiography, continued root maturation of both teeth and resolution of the periapical radiolucency in right central incisor was evident.](rde-38-178-g003){#F3}
